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1
METHOD FOR MANUFACTURING
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for manufactur-
ing a semiconductor device which has a circuit including a
thin film transistor (hereinafter, referred to as a TFT) in which
a channel formation region is formed using an oxide semi-
conductor film. For example, the present invention relates to
a method for manufacturing a semiconductor device which is
mounted on an electro-optical device typified by a liquid
crystal display panel or a light-emitting display device includ-
ing an organic light-emitting element.

Note that the semiconductor device in this specification
indicates all the devices which can operate by using semicon-
ductor characteristics, and an electro-optical device, a semi-
conductor circuit, and an electronic appliance are all included
in the semiconductor devices.

2. Description of the Related Art

In recent years, active-matrix display devices (such as lig-
uid crystal display devices, light-emitting display devices, or
electrophoretic display devices) in which a switching element
of a thin film transistor (TFT) is provided for each of display
pixels arranged in matrix have been actively developed. In the
active-matrix display devices, a switching element is pro-
vided for each of pixels (or each of dots), and thus, there is
such an advantage that the active matrix display devices can
be driven at lower voltage than passive matrix display devices
in the case where the pixel density is increased.

In addition, a technique has attracted attention, where a
thin film transistor (TFT) or the like in which a channel
formation region is formed using an oxide semiconductor
film is applied to electronic devices or optical devices. For
example, a TFT in which ZnO is used for an oxide semicon-
ductor film or a TFT in which InGaO;(Zn0),, is used for an
oxide semiconductor film can be given. A technique in which
a TFT including such an oxide semiconductor film is formed
over a light-transmitting substrate and used as a switching
element or the like of an image display device is disclosed in
Patent Document 1 and Patent Document 2.

REFERENCES
Patent Document

[Patent Document 1] Japanese Published Patent Application
No. 2007-123861

[Patent Document 2] Japanese Published Patent Application
No. 2007-96055

SUMMARY OF THE INVENTION

In forming a thin film transistor, source and drain electrode
layers are formed using a low resistance metal material. In
particular, in the case of manufacturing display devices per-
forming large-area display, the problem of signal delay due to
wiring resistance becomes significant. Therefore, a metal
material having low electric resistance is preferably used as a
material of a wiring or an electrode.

Further, when contact resistance between the source and
drain electrode layers and the oxide semiconductor film is
high, ON current is suppressed. One of the causes which
make the contact resistance high is that an interface at which
the source and drain electrode layers and the oxide semicon-
ductor film are in contact with each other has high electrical
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resistance due to a film of oxide or contaminant generated on
the surfaces of the source and drain electrode layers.

An object of the present invention is to provide a method
for manufacturing a thin film transistor in which contact
resistance between an oxide semiconductor layer containing
indium(In), gallium(Ga), and zinc(Zn) and source and drain
electrode layers is small.

The gist of the present invention includes a method for
manufacturing a semiconductor device in which after sput-
tering treatment with plasma is performed on surfaces of
source and drain electrode layers, an oxide semiconductor
layer containing In, Ga, and Zn is successively formed over
the source and drain electrode layers without exposure of the
surfaces of the source and drain electrode layers to air.

In this specification, a semiconductor layer formed using
an oxide semiconductor film containing In, Ga, and Zn is also
referred to as an “IGZO semiconductor layer”.

The source and drain electrode layers are formed through a
patterning step by a photolithography method, an ink-jet
method, or the like. However, a film of oxide or contaminant
is formed on the surfaces of the source and drain electrode
layers in the patterning step unintentionally in some cases.
When the oxide semiconductor layer containing In, Ga, and
Zn is formed over the film of oxide or contaminant, contact
resistance between the oxide semiconductor layer and the
source and drain electrode layers is increased.

In the present invention, a film of oxide or contaminant on
the surfaces of the source and drain electrode layers is
removed by sputtering treatment with plasma, and further, an
oxide semiconductor layer containing In, Ga, and Zn is
formed successively with the surfaces of the source and drain
electrode layers kept clean and not exposed to air.

One embodiment of the present invention is a method for
manufacturing a semiconductor device including steps of
performing sputtering treatment with plasma on surfaces of
source and drain electrode layers and forming an oxide semi-
conductor layer containing In, Ga, and Zn successively over
the source and drain electrode layers without exposure of the
source and drain electrode layers to air.

Another embodiment of the present invention is a method
for manufacturing a semiconductor device including steps of
forming a gate electrode layer over a substrate; forming a gate
insulating film which covers the gate electrode layer; forming
source and drain electrode layers end portions of which over-
lap with the gate electrode layer with the gate insulating film
interposed therebetween; performing sputtering treatment
with plasma on surfaces of the source and drain electrode
layers; and forming an oxide semiconductor layer containing
indium, gallium, and zinc over the source and drain electrode
layers without exposure of the source and drain electrode
layers to air.

Another embodiment of the present invention is a method
for manufacturing a semiconductor device including steps of
forming source and drain electrode layers over a substrate;
performing sputtering treatment with plasma on surfaces of
the source and drain electrode layers; forming an oxide semi-
conductor layer containing indium, gallium, and zinc succes-
sively over the source and drain electrode layers without
exposure of the surfaces of the source and drain electrode
layers to air; forming a gate insulating film which covers the
oxide semiconductor layer; and forming a gate electrode
layer over a channel formation region of the oxide semicon-
ductor layer with the gate insulating film interposed therebe-
tween.

Another embodiment of the present invention is the
method for manufacturing a semiconductor device in which
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the plasma treatment is performed on the surfaces of the
source and drain electrode layers in an inert gas atmosphere.

By applying one embodiment of the present invention, the
surfaces of the source and drain electrode layers are cleaned
and the oxide semiconductor layer containing In, Ga, and Zn
can be formed over the source and drain electrode layers with
the surfaces of the source and drain electrode layers kept
clean; therefore, contact resistance between the source and
drain electrode layers and the oxide semiconductor layer
containing In, Ga, and Zn can be reduced. As a result, a thin
film transistor having a high on/off ratio can be manufactured.
Further, a method for manufacturing a semiconductor device
having favorable electrical properties and reliability with
high productivity can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A and 1B are views illustrating a structure of a thin
film transistor which is manufactured in the present inven-
tion;

FIGS. 2A to 2E are views illustrating a method for manu-
facturing a thin film transistor of the present invention;

FIG. 3 is an X-ray diffraction pattern of an oxide semicon-
ductor layer containing In, Ga, and Zn which is used in the
present invention;

FIG. 4 is a view illustrating a structure of a thin film
transistor which is manufactured in the present invention;

FIGS. 5A to 5E are views illustrating a method for manu-
facturing a thin film transistor of the present invention;

FIG. 6 is a chart showing electrical properties of a thin film
transistor to which the present invention is applied; and

FIG. 7 is a chart showing electrical properties of a thin film
transistor which is manufactured as a comparative example.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments and an example of the present
invention will be described with reference to the accompany-
ing drawings. Note that it is easily understood by those skilled
in the art that the present invention is not limited to the
description below and that a variety of changes can be made
in forms and details without departing from the spirit and the
scope of the present invention. Therefore, the present inven-
tion is not to be construed with limitation to what is described
in the embodiments and the example. Note that in a structure
of the present invention described below, like portions or
portions having like functions in different drawings are
denoted by the like reference numerals and repeated descrip-
tion thereof is omitted.

[Embodiment 1]

In this embodiment, a thin film transistor and a manufac-
turing process thereof will be described with reference to
FIGS. 1A and 1B and FIGS. 2A to 2E.

FIGS. 1A and 1B illustrate a bottom gate thin film transis-
tor of this embodiment. FIG. 1A is a plan view and FIG. 1B is
a cross-sectional view taken along line A1-A2 in FIG. 1A. In
a thin film transistor 150 illustrated in FIGS. 1A and 1B, a
gate electrode layer 111 is formed over a substrate 100, a gate
insulating film 102 is formed over the gate electrode layer
111, source and drain electrode layers 117a and 1176 are
formed over the gate electrode layer 111 with the gate insu-
lating film 102 interposed therebetween, and a semiconductor
layer 113 which serves as a channel formation region is
formed between the source and drain electrode layers 117a
and 11754. Note that in this embodiment, the gate insulating
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film 102 includes two layers, a first gate insulating film 1024
and a second gate insulating film 1025.

In FIG. 1B, the source and drain electrode layers (117a and
11754) include a layer containing aluminum as its main com-
ponent (1144 and 1145) and a high-melting-point metal mate-
rial layer (115a and 1155), respectively. Sputtering treatment
with plasma is performed on surfaces of the source and drain
electrode layers (1174 and 1175) and a region of a surface of
the second gate insulating film (1025) which is not covered
with the source and drain electrode layers (117a and 1175), so
that a film of oxide or contaminant is removed.

In the present invention, an oxide semiconductor contain-
ing In, Ga, and Zn is used as the semiconductor layer 113. An
oxide semiconductor layer containing In, Ga, and Zn absorb
little light and is not photoexcited easily; therefore, it is not
necessary to shield the channel formation region from light by
covering the channel formation region with the gate electrode
layer.

A method for manufacturing the thin film transistor 150
illustrated in FIGS. 1A and 1B will be described with refer-
ence to FIGS. 2A to 2E.

As the substrate 100, any of the following substrates can be
used: non-alkaline glass substrates manufactured by a fusion
method or a float method, such as a barium borosilicate glass
substrate, an aluminoborosilicate glass substrate, an alumi-
nosilicate glass substrate, and the like; ceramic substrates;
plastic substrates having heat resistance high enough to with-
stand a process temperature of this manufacturing process;
and the like. Alternatively, a metal substrate of a stainless
alloy or the like, which is provided with an insulating film
over its surface, may be used. In the case where the substrate
100 is mother glass, the substrate may have any of the fol-
lowing sizes: the first generation (320 mmx400 mm), the
second generation (400 mmx500 mm), the third generation
(550 mmx650 mm), the fourth generation (680 mmx880 mm
or 730 mmx920 mm), the fifth generation (1000 mmx1200
mm or 1100 mmx1250 mm), the sixth generation (1500
mmx1800 mm), the seventh generation (1900 mmx2200
mm), the eighth generation (2160 mmx2460 mm), the ninth
generation (2400 mmx2800 mm or 2450 mmx3050 mm), the
tenth generation (2950 mmx3400 mm), and the like.

Further, an insulating film may be provided as a base film
over the substrate 100. The base film can be formed to have a
single-layer structure or a stacked structure of a silicon oxide
film, a silicon nitride film, a silicon oxynitride film, and/or a
silicon nitride oxide film by a CVD method, a sputtering
method, or the like.

The gate electrode layer 111 is formed using a metal mate-
rial. As the metal material, aluminum, chromium, titanium,
tantalum, molybdenum, copper, or the like is applied. The
gate electrode layer may be a single conductive film and as a
preferable example, the gate electrode layer is formed using a
layer containing aluminum as its main component or has a
stacked layer structure in which a layer containing aluminum
as its main component and a barrier metal layer are stacked.

For alayer containing aluminum as its main component, an
aluminum alloy to which an element which improves heat
resistance or an element which prevents hillock, such as tung-
sten, titanium, tantalum, molybdenum, nickel, platinum, cop-
per, gold, silver, manganese, carbon, or silicon, or an alloy
material or acompound which contains any of these elements
as its main component is added is used.

As a barrier metal layer, a high-melting-point metal, such
as titanium, molybdenum, or chromium, is used. The barrier
metal layer is preferably provided so as to prevent hillock or
oxidation of aluminum.
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A conductive film which is to be the gate electrode layer
111 is formed to a thickness greater than or equal to 50 nm and
less than or equal to 300 nm. By forming the gate electrode
layer 111 to a thickness less than or equal to 300 nm, discon-
nection of a semiconductor film and wirings which are to be
formed later can be prevented. Further, by forming the gate
electrode layer 111 to a thickness greater than or equal to 150
nm and less than or equal to 300 nm, resistance of the gate
electrode layer can be reduced and thus the size of the sub-
strate can be increased.

Note that since a semiconductor film is to be formed over
the gate electrode layer 111, it is desired that the gate elec-
trode layer 111 be processed to have tapered end portions in
order to prevent disconnection. In addition, although not
illustrated, in this step, a wiring or a capacitor wiring con-
nected to the gate electrode layer can also be formed at the
same time.

The gate electrode layer 111 can be formed by a sputtering
method, a CVD method, a plating method, a printing method,
or the like. Alternatively, the gate electrode layer 111 can be
formed by discharging a conductive nanopaste of silver, gold,
copper, or the like by an ink-jet method and baking it.

Note that here, an aluminum film and a molybdenum film
are deposited so as to be stacked by a sputtering method as a
conductive film over the substrate. Next, with the use of a
resist mask formed using a first photomask in this embodi-
ment, the conductive film is etched to form the gate electrode
layer 111.

The gate insulating films 102a and 1026 can each be
formed using a silicon oxide film, a silicon nitride film, a
silicon oxynitride film, or a silicon nitride oxide film with a
thickness of from 50 nm to 150 nm. Note that instead of a
two-layer structure, the gate insulating film can be formed as
a single layer of a silicon oxide film, a silicon nitride film, a
silicon oxynitride film, or a silicon nitride oxide film. Alter-
natively, the gate insulating film may be formed to have a
three-layer structure.

The gate insulating film 102a is formed using a silicon
nitride film or a silicon nitride oxide film, whereby adhesion
between the substrate and the first gate insulating film 102a is
increased. In the case where a glass substrate is used as the
substrate, an impurity can be prevented from diffusing into
the semiconductor layer 113 from the substrate and further,
the gate electrode layer 111 can be prevented from being
oxidized. That is to say, film peeling can be prevented, and
thus electrical properties of a thin film transistor which is
completed later can be improved. Further, the first gate insu-
lating film 1024 and the second gate insulating film 1025 each
preferably have a thickness greater than or equal to 50 nm so
that they can cover unevenness of the gate electrode layer 111.

Here, a silicon oxynitride film means a film that contains
more oxygen than nitrogen and includes oxygen, nitrogen,
silicon, and hydrogen at concentrations ranging from 55 at. %
to 65 at. %, 1 at. % to 20 at. %, 25 at. % to 35 at. %, and 0.1
at. % to 10 at. %, respectively. Further, a silicon nitride oxide
film means a film that contains more nitrogen than oxygen
and includes oxygen, nitrogen, silicon, and hydrogen at con-
centrations ranging from 15 at. % to 30 at. %, 20 at. % to 35
at. %, 25 at. % to 35 at. %, and 15 at. % to 25 at. %, respec-
tively.

Further, for the gate insulating film 1025 in contact with the
semiconductor layer 113, silicon oxide, aluminum oxide,
magnesium oxide, aluminum nitride, yttrium oxide, or
hafnium oxide can be used for example.

The first gate insulating film 102a¢ and the second gate
insulating film 1024 can each be formed by a CVD method, a
sputtering method, or the like. Here, as illustrated in FIG. 2A,
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a silicon nitride film is formed by a plasma CVD method as
the first gate insulating film 102¢ and a silicon oxide film is
formed by a plasma CVD method as the second gate insulat-
ing film 1025.

In this embodiment, conductive films which are to be the
source and drain electrode layers include a first conductive
film 104 and a second conductive film 105. The first conduc-
tive film 104 and the second conductive film 105 can be
formed by a sputtering method or a vacuum evaporation
method.

The conductive films which are to be source and drain
electrode layers can be formed using the same material as the
gate electrode layer 111. Here, as illustrated in FIG. 2A, the
conductive film 104 containing aluminum as its main com-
ponent and the conductive film 105 formed using a high-
melting-point metal material are stacked.

For the conductive film 105 formed using a high-melting-
point metal material, titanium, tantalum, tungsten, molybde-
num, or the like can be used. In particular, it is preferable that
a titanium film be a layer in contact with the oxide semicon-
ductor layer containing In, Ga, and Zn. As a specific example
of'the conductive film, a single titanium film, a stacked film of
a titanium film and an aluminum film, or a three-layer struc-
ture in which a titanium film, an aluminum film, and a tita-
nium film are stacked in this order may be used.

Further, as the conductive film 105, a transparent conduc-
tive film may be used, and as a material thereof, indium tin
oxide, indium tin oxide containing silicon or silicon oxide,
indium zinc oxide, zinc oxide, or the like can be used.

Next, aresist mask 131 is formed over the conductive films
104 and 105 by a photolithography method or an ink-jet
method. With the use of the resist mask 131, the conductive
films 104 and 105 over the gate insulating film 10256 are
selectively etched to form the source and drain electrode
layers (117a and 1175) as illustrated in FIG. 2B.

Note that since a semiconductor film is to be formed over
the source and drain electrode layers (117a and 1176), it is
desired that the source and drain electrode layers be pro-
cessed so as to have tapered end portions in order to prevent
disconnection.

Not only an atmospheric component but also a variety of
substances are in contact with surfaces of the source and drain
electrode layers (117a and 117b) in a patterning step. For
example, in the case of using a photolithography technique, a
resist or aremover of the resist are in contact with the surfaces
of the source and drain electrode layers. Alternatively, in the
case of using an ink-jet method, an additive such as a solvent
or a dispersant contained in the ink are in contact with the
surfaces of the source and drain electrode layers. As a result,
a film of oxide or contaminant is formed on the surfaces of the
source and drain electrode layers (117a and 1175). The film of
oxide or contaminant causes increase in contact resistance
with the oxide semiconductor layer containing In, Ga, and Zn.

Next, in order to remove the film of oxide or contaminant
which is formed on the surfaces of the source and drain
electrode layers (117a and 11754), sputtering treatment with
plasma is performed on the surfaces of the source and drain
electrode layers (117a and 11754), so that the surfaces of the
conductive films are cleaned. As a gas used in the sputtering,
an inert gas with respect to the source and drain electrode
layers is used. For example, a rare gas such as Ar can be given
as an example thereof. Note that oxygen or the like may be
mixed with the gas as long as a film of oxide or the like which
increases contact resistance is not formed on the surfaces of
the source and drain electrode layers.

As a method of sputtering treatment with plasma, a reverse
sputtering method can be employed, for example. A reverse
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sputtering method is a method in which without application
of'voltage to a target side in a sputtering apparatus, voltage is
applied to a substrate side under an inert gas (e.g. an argon
gas) atmosphere and plasma is generated on the substrate side
to etch the surface of the substrate.

The conditions of a reverse sputtering method are as fol-
lows: RF sputtering is performed with a pressure in a chamber
of preferably 0.2 Pato 4.0 Pa using an Ar gas with a power of
preferably 50 W to 2 kW.

As a result of the sputtering treatment with plasma, the
surfaces of the source and drain electrode layers (117a and
11756) are cleaned.

Notethatas illustrated in FIG. 2C, a region of the surface of
the gate insulating film (1025) which is not covered with the
source and drain electrode layers (117a and 11754) and the
surfaces of the source and drain electrode layers (117a and
11756) are subjected to sputtering treatment with plasma, and
therefore, are slightly reduced in thickness in some cases.

Next, without exposure of the surfaces of the source and
drain electrode layers (117a and 11756) on which sputtering
treatment with plasma has been performed to air, deposition
of the semiconductor film 103 over the source and drain
electrode layers (117a and 1175) is performed as illustrated in
FIG. 2D, following the plasma treatment. The semiconductor
film 103 is deposited successively without exposure of the
surfaces on which the sputtering treatment with plasma has
been performed to air, whereby an atmospheric component or
contaminant in air can be prevented from attaching to the
surfaces, so that the surfaces can be kept clean.

As a method for depositing the semiconductor film 103
successively without exposure of the surfaces of the source
and drain electrode layers (1174 and 1176) on which the
sputtering treatment with plasma has been performed to air, a
method of using a multichamber manufacturing apparatus in
which a plasma treatment chamber and a deposition chamber
ofthe semiconductor film 103 are connected to each other can
be given as an example.

Further, in the case of depositing an oxide semiconductor
film 103 containing In, Ga, and Zn by a sputtering method, the
method in which a reverse sputtering method is performed on
the surfaces of the source and drain electrode layers in a
deposition chamber of the semiconductor film 103 before
formation of the semiconductor film 103 is preferable since
the apparatus and the step of the method are simple.

As the semiconductor film 103, an oxide containing In, Ga,
and Zn can be used. In the case of using an oxide containing
In, Ga, and Zn as the semiconductor film 103, the oxide
containing In, Ga, and Zn is formed to a thickness greater than
or equal to 2 nm and less than or equal to 200 nm, preferably
greater than or equal to 20 nm and less than or equal to 150
nm. Further, when the oxygen vacancy rate in the film is
increased, a carrier concentration is increased and thus thin
film transistor characteristics are degraded. Therefore, the
oxide containing In, Ga, and Zn is deposited in an atmosphere
containing oxygen.

An oxide semiconductor containing In, Ga, and Zn can be
deposited by a reactive sputtering method or a pulsed laser
deposition method (PLD method). Among vapor deposition
methods, a PLD method is suitable in terms of ease of con-
trolling a composition of materials, and a sputtering method is
suitable in terms of mass productivity.

Here, a target with a diameter of 8 inch obtained by mixing
indium oxide (In,0;), gallium oxide (Ga,O,), and zinc oxide
(ZnO) in an equimolar ratio and performing sintering is used,
a substrate is provided 170 mm apart from the target, and
direct current (DC) sputtering is performed with a power of
500 W, so that the semiconductor film is formed. The semi-
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conductor film is formed to a thickness of 50 nm under the
conditions that the chamber pressure is 0.4 Pa and the gas
composition ratio of Ar to O, is 10 to 5 scem. It is desirable
that an oxygen partial pressure in film formation be set higher
than that in forming a transparent conductive film of indium
tin oxide (ITO) or the like to control the oxygen concentration
in a film formation atmosphere so that oxygen vacancy is
suppressed. Further, it is preferable to use a pulsed direct
current (DC) power supply because dusts can be reduced and
the thickness distribution of the semiconductor film can be
uniform.

Next, a resist mask 132 is formed over the semiconductor
film 103 by a photolithography technique or an ink-jet
method. With the use of the resist mask 132, the semiconduc-
tor film 103 is selectively etched by dry etching or wet etching
to form the semiconductor layer 113 as illustrated in FIG. 2E.

As an example of a method for etching the oxide semicon-
ductor film containing In, Ga, and Zn, an organic acid such as
a citric acid or an oxalic acid can be used as an etchant. For
example, the semiconductor film 103 with a thickness of 50
nm can be processed by etching with ITOO7N (manufactured
by Kanto Chemical Co., Inc.) in 150 seconds.

In a thin film transistor using the oxide semiconductor
containing In, Ga, and Zn, the oxide semiconductor layer 113
is subjected to heat treatment, whereby the characteristics
thereof are improved.

Since high energy is provided to a target with an Ar ion in
a sputtering method, in the case of depositing an IGZO film
by a sputtering method, itis considered that high strain energy
exists in the IGZO film which is deposited and the strain
energy inhibits carrier transfer. In order to release this strain
energy, heat treatment is performed at 200° C. to 600° C.,
typically 300° C. to 500° C. It is considered that rearrange-
ment at an atomic level is performed by this heat treatment,
and thus the strain energy which inhibits carrier transfer is
released. From such a reason, heat treatment after the depo-
sition (including light annealing) is important.

Change of the oxide semiconductor film containing In, Ga,
and 7Zn with heat treatment was investigated by an X-ray
diffraction (XRD) method. As a sample, an IGZO film with a
thickness of 400 nm was deposited over a glass substrate by a
DC sputtering method. FIG. 3 is an XRD chart.

First, the XRD chart of the IGZO film right after the depo-
sition is denoted by “as-depo” in FIG. 3. XRD charts of the
samples on which heat treatment was performed at different
temperatures for one hour in a nitrogen atmosphere after the
deposition are illustrated in FIG. 3 together with the process
temperatures. That is, FIG. 3 shows charts of the samples on
which heat treatment was performed at 350° C., 500° C., 600°
C.,and 700° C. Note that in order to compare the charts of the
different samples, the charts are arranged for convenience.

Inthe sample on which the heat treatment was performed at
700° C., peaks indicating crystallization were observed
clearly in the ranges of 30°=20<35° and 55°=20<60°. Fur-
ther, when the heat treatment is performed at higher than or
equal to 700° C., clear crystallization is observed.

However, when the heat treatment is performed at 200° C.
to 600° C., crystal growth due to great transfer of atoms does
not occur unlike when the heat treatment is performed at
higher than or equal to 700° C.

In this embodiment, the heat treatment is performed on the
oxide semiconductor film 103 containing In, Ga, and Zn at
350° C. for one hour. The heat treatment may be performed in
any step after deposition of the semiconductor film 103. For
example, the heat treatment may be performed after deposi-
tion of the semiconductor film 103 or after formation of the
semiconductor layer 113. Alternatively, the heat treatment
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may be performed after formation of a sealing film of a thin
film transistor or may be performed by another heat treatment
such as thermal cure treatment which is performed after for-
mation of a planarization film.

Further, plasma treatment may be performed on the semi-
conductor layer 113. By the plasma treatment, damage due to
the etching which is performed in forming the semiconductor
layer 113 can be repaired. The plasma treatment is preferably
performed in an atmosphere containing O,, N,O, preferably
oxygen. Note that as a specific example of an atmosphere
containing oxygen, a gas in which oxygen is added toN,, He,
Ar, or the like can be given. Alternatively, the plasma treat-
ment may be performed in an atmosphere in which Cl, and
CF, are added to the above atmosphere. Note that the plasma
treatment is preferably performed with non-bias applied.

By the method described above, the bottom gate thin film
transistor illustrated in FIGS. 1A and 1B is manufactured.

According to this embodiment, with the surfaces of the
source and drain electrode layers kept clean, the oxide semi-
conductor layer containing In, Ga, and Zn can be formed;
therefore, a thin film transistor in which contact resistance
between the source and drain electrode layers and the oxide
semiconductor layer containing In, Ga, and Zn is reduced can
be provided.

Accordingly, by applying the present invention, a thin film
transistor having a high on/off ratio can be manufactured.
Further, a semiconductor device which includes a thin film
transistor having favorable electrical characteristics and reli-
ability can be provided by a method which is excellent in
productivity.

(Embodiment 2)

In this embodiment, a thin film transistor mode of which is
different from that in Embodiment 1 and a manufacturing
process of the thin film transistor will be described with
reference to FIG. 4 and FIGS. 5A to SE. FIG. 4 is a cross-
sectional view illustrating a staggered thin film transistor of
this embodiment. In a thin film transistor 151 illustrated in
FIG. 4, the source and drain electrode layers (117a and 1175)
are formed over the substrate 100 and the semiconductor
layer 113 is formed so as to cover the source and drain
electrode layers (117a and 1175). A gate insulating layer 112
is formed over the semiconductor layer 113 and the gate
electrode layer 111 is formed so as to overlap with the channel
formation region with the gate insulating layer 112 interposed
therebetween.

In FIG. 4, the source and drain electrode layers (117a and
1175b) are formed using a high-melting-point metal material
layer. Sputtering treatment with plasma is performed on the
surfaces of the source and drain electrode layers (117a and
11756), and thus a film of oxide or contaminant is removed.

In the present invention, an oxide semiconductor contain-
ing In, Ga, and Zn is used as the semiconductor layer 113. An
oxide semiconductor layer containing In, Ga, and Zn absorb
little light and is not photoexcited easily; therefore, it is not
necessary to shield the channel formation region from light by
covering the channel formation region with the gate electrode
layer. In other words, in the channel formation region, an
overlap with the gate electrode layer and the source and drain
electrode layers can be reduced, so that parasitic capacitance
can be reduced.

A method for manufacturing the thin film transistor 151
illustrated in FIG. 4 will be described with reference to FIGS.
5A to 5E.

As the substrate 100, a substrate similar to that in Embodi-
ment 1 can be used. In this embodiment, a non-alkali glass
substrate is used.
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As a conductive film which is to be the source and drain
electrode layers, the same material as that of the gate elec-
trode layer 111 which is described in Embodiment 1 can be
used. The conductive film which is to be the source and drain
electrode layers can be deposited by a sputtering method or a
vacuum evaporation method.

The conductive film which is to be the source and drain
electrode layers may be a single layer or a plurality of layers.
In particular, a layer in contact with the oxide semiconductor
layer containing In, Ga, and Zn is preferably a titanium film.

In this embodiment, the pair of source and drain electrode
layers (117a and 1175) is formed using a high-melting-point
metal material as illustrated in FIG. SA. Such minute process-
ing can be performed using a resist mask formed by a photo-
lithography technique or an ink-jet method.

Note that since a semiconductor film is to be formed over
the source and drain electrode layers (117a and 1176), it is
desired that the source and drain electrode layers be pro-
cessed so as to have tapered end portions in order to prevent
disconnection.

Not only an atmospheric component but also a variety of
substances are in contact with surfaces of the source and drain
electrode layers (117a and 1175) in the patterning step, and
thus a film of oxide or contaminant is formed on the surfaces
of the source and drain electrode layers (1174 and 1175).

Here, the film of oxide or contaminant on the surfaces of
the source and drain electrode layers (117a and 1175) is
removed by a reverse sputtering method. As in Embodiment
1, areverse sputtering method can be performed with the use
of a sputtering apparatus in which the oxide semiconductor
layer containing In, Ga, and Zn is formed.

As a gas used in the sputtering, an inert gas with respect to
the source and drain electrode layers is used. Here, RF sput-
tering is performed under the following conditions: Ar is used
as a gas used in the sputtering, the pressure in a chamber is
preferably 0.2 Pato 4.0 Pa, and a power is preferably S0 W to
2kW.

Note that when sputtering treatment with plasma is per-
formed on the substrate surface or in the case where the base
film is formed on the substrate surface, a portion of a base film
which is not covered with the source and drain electrode
layers (117a and 1175), slight reduction in thickness is caused
in some cases.

Next, without exposure of the surfaces of the source and
drain electrode layers (117a and 11756) on which sputtering
treatment with plasma has been performed to air, deposition
of'the oxide semiconductor film 103 over the source and drain
electrode layers (117a and 1175) is performed following the
plasma treatment. Note that the deposition conditions of the
oxide semiconductor film containing In, Ga, and Zn are simi-
lar to those in Embodiment 1. FIG. 5B illustrates a cross-
sectional view in this step.

Subsequently, without exposure of the oxide semiconduc-
tor film 103 containing In, Ga, and Zn to air, the gate insulat-
ing film 102 is deposited over the oxide semiconductor film
103 successively. When the gate insulating film 102 is depos-
ited successively without exposure of the surface of the oxide
semiconductor film 103 to air, productivity can be improved,
and further, it is possible to form an interface between stacked
layers where there is no contamination due to an atmospheric
component such as moisture or an impurity element or a dust
floating in air; therefore, variations in the characteristics of
thin film transistors can be reduced.

Inthis specification, in successive deposition, a substrate to
be processed is placed in an atmosphere which is controlled to
be vacuum or an inert gas atmosphere (a nitrogen atmosphere
or a rare gas atmosphere) at all times without being exposed
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to a contaminant atmosphere such as air during a process from
a first film formation step using a sputtering method to a
second film formation step using a sputtering method. By the
successive formation, a film can be formed while preventing
moisture or the like from being attached again to the substrate
to be processed which is cleaned.

For example, performing the process from the first film
formation step to the second film formation step in the same
chamber is within the scope of the successive formation in
this specification.

In addition, the following is also within the scope of the
successive formation in this specification: in the case of per-
forming the process from the first film formation step to the
second film formation step in plural chambers, the substrate is
transferred after the first film formation step to another cham-
ber without being exposed to air and subjected to the second
film formation.

Note that between the first film formation step and the
second film formation step, a substrate transfer step, an align-
ment step, a slow-cooling step, a step ofheating or cooling the
substrate to a temperature which is necessary for the second
film formation step, or the like may be provided. Such a
process is also within the scope of the successive formation in
this specification.

A step in which liquid is used, such as a cleaning step, wet
etching, or resist formation, may be provided between the first
film formation step and the second film formation step. This
case is not within the scope of the successive formation in this
specification.

Note that here, following the deposition of the oxide semi-
conductor film 103, as illustrated in FIG. 5B, the gate insu-
lating film 102 formed using a silicon oxide film is formed
with the use of a multi-chamber sputtering apparatus pro-
vided with a silicon target and a target for the oxide semicon-
ductor film.

Next, with the use of a resist mask 133 formed by a pho-
tolithography technique or an ink-jet method, the gate insu-
lating film 102 and the oxide semiconductor film 103 con-
taining In, Ga, and Zn are etched to form the oxide
semiconductor layer 113 and the gate insulating layer 112 as
illustrated in FIG. 5C.

Next, a conductive film 101 which is to be a gate electrode
layer is formed as illustrated in FIG. 5D. The gate electrode
layer can be formed in a manner similar to that of Embodi-
ment 1. In this embodiment, a single layer of a high-melting-
point metal conductive film is used.

Next, with the use of a resist mask 134 formed by a pho-
tolithography technique or an ink-jet method, the conductive
film 101 is etched to form the gate electrode layer 111 as
illustrated in FIG. 5E.

By the method described above, the staggered thin film
transistor illustrated in FIG. 4 is manufactured.

In the thin film transistor manufactured in this embodi-
ment, with the surfaces of the source and drain electrode
layers kept clean, the oxide semiconductor layer containing
In, Ga, and Zn can be formed; therefore, contact resistance
between the source and drain electrode layers and the oxide
semiconductor layer containing In, Ga, and Zn can be
reduced.

Accordingly, by applying the present invention, a thin film
transistor having a high on/off ratio can be manufactured.
Further, a semiconductor device which includes a thin film
transistor having favorable electrical characteristics and reli-
ability can be provided by a method which is excellent in
productivity.

EXAMPLE 1

In this example, a case where a bottom gate thin film
transistor is manufactured by the method for manufacturing a
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semiconductor device which is described in Embodiment 1
will be described. Further, electrical properties of the thin film
transistor are compared to those of'a thin film transistor which
is manufactured without performing plasma treatment on
surfaces of source and drain electrode layers.

In this example, plasma treatment was performed on the
surfaces of the source and drain electrode layers by a reverse
sputtering method. The conditions of a reverse sputtering
method were as follows: RF sputtering was performed with a
pressure in a chamber of 0.4 Pa, a flow rate of an Ar gas of 50
sccm, and a power of 200 W.

The thin film transistor manufactured has a gate insulating
film formed using a silicon oxynitride film with a thickness of
100 nm over a gate electrode layer formed using a tungsten
film with a thickness of 100 nm; source and drain electrode
layers formed using a tungsten film with a thickness of 100
nm end portions of which overlap with the gate electrode
layer with the gate insulating film interposed therebetween;
and an oxide semiconductor layer formed using an IGZO film
with a thickness of 50 nm over a channel formation region.
The channel length and the channel width are 100 pm.

FIG. 6 shows the electrical properties (gate voltage-drain
current characteristics, an I~V curve) of the thin film tran-
sistor in which after performing plasma treatment on the
surfaces of the source and drain electrode layers by a reverse
sputtering method, the oxide semiconductor layer containing
In, Ga, and Zn is formed without exposure of the surfaces of
the source and drain electrode layers to air.

As a comparative example, FIG. 7 shows an [~V curve of
a thin film transistor in which the oxide semiconductor layer
containing In, Ga, and Zn was formed without performing
plasma treatment on the surfaces of the source and drain
electrode layers. Note that the measurements were performed
atadrain voltage (a voltage of a drain with respect to a voltage
of'asource) of 1 Vand 10 V.

Comparing the I~V curve in FIG. 6 with that in FIG. 7, it
is found that the thin film transistor of FIG. 6 in which plasma
treatment was performed on the surfaces of the source and
drain electrode layers by a reverse sputtering method has
higher ON current regardless of conditions of the drain volt-
ages. Further, there is no large difference in off current.

By applying one embodiment of the present invention as
described above, a thin film transistor which can obtain high
ON current while suppressing off current, that is, a thin film
transistor having a high on/off ratio can be manufactured.
Further, one embodiment of the present invention provides a
method for manufacturing a semiconductor device having
favorable electrical properties and reliability with high pro-
ductivity.

This application is based on Japanese Patent Application
serial no. 2008-224061 filed with Japan Patent Office on Sep.
1, 2008, the entire contents of which are hereby incorporated
by reference.

What is claimed is:
1. A method for manufacturing a semiconductor device, the
method comprising the steps of:

forming an insulating film;

performing a plasma treatment on the insulating film;

after performing the plasma treatment, forming an oxide
semiconductor film over the insulating film; and

performing a heat treatment on the oxide semiconductor
film,

wherein the plasma treatment is performed in an atmo-
sphere comprising oxygen, and

wherein the oxide semiconductor film comprises indium
and zinc.
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2. The method according to claim 1, comprising the step of:

forming a source electrode layer and a drain electrode layer

over the insulating film,

wherein the plasma treatment is performed on the source

electrode layer and the drain electrode layer, and
wherein the oxide semiconductor film is formed over the
source electrode layer and the drain electrode layer.

3. The method according to claim 1, wherein the oxide
semiconductor film is formed without exposure to air after the
plasma treatment is performed.

4. The method according to claim 1, wherein the oxide
semiconductor film comprises gallium.

5. The method according to claim 1, wherein the atmo-
sphere comprises an inert gas.

6. The method according to claim 1, the method compris-
ing the step of forming a gate electrode layer,

wherein the insulating film is formed over the gate elec-

trode layer, and

wherein the oxide semiconductor film is formed to overlap

the gate electrode layer.

7. The method according to claim 1, wherein the heat
treatment is performed at a temperature higher than or equal
to 200° C. and lower than or equal to 600° C.

8. The method according to claim 1, comprising the step of
forming a gate electrode layer over the oxide semiconductor
film.

9. A method for manufacturing a semiconductor device, the
method comprising the steps of:

forming an insulating film;

performing a sputtering treatment on the insulating film;

after performing the sputtering treatment, forming an

oxide semiconductor film over the insulating film; and
performing a heat treatment on the oxide semiconductor
film,

wherein the sputtering treatment is performed in an atmo-

sphere comprising oxygen, and

wherein the oxide semiconductor film comprises indium

and zinc.

10. The method according to claim 9, comprising the step
of:

forming a source electrode layer and a drain electrode layer

over the insulating film,

wherein the sputtering treatment is performed on the

source electrode layer and the drain electrode layer, and
wherein the oxide semiconductor film is formed over the
source electrode layer and the drain electrode layer.

11. The method according to claim 9, wherein the oxide
semiconductor film is formed without exposure to air after the
sputtering treatment is performed.

12. The method according to claim 9, wherein the oxide
semiconductor film comprises gallium.

13. The method according to claim 9, wherein the atmo-
sphere comprises an inert gas.

14. The method according to claim 9, the method compris-
ing the step of forming a gate electrode layer,
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wherein the insulating film is formed over the gate elec-

trode layer, and

wherein the oxide semiconductor film is formed to overlap

the gate electrode layer.

15. The method according to claim 9, wherein the heat
treatment is performed at a temperature higher than or equal
to 200° C. and lower than or equal to 600° C.

16. The method according to claim 9, comprising the step
of forming a gate electrode layer over the oxide semiconduc-
tor film.

17. A method for manufacturing a semiconductor device,
the method comprising the steps of:

forming an insulating film;

performing a plasma treatment on the insulating film;

after performing the plasma treatment, forming an oxide

semiconductor film over the insulating film; and
performing a heat treatment on the oxide semiconductor
film,

wherein the plasma treatment is performed in an atmo-

sphere comprising oxygen,

wherein the oxide semiconductor film comprises indium

and zinc, and

wherein the oxide semiconductor film after performing the

heat treatment has crystallinity and exhibits a peak in a
range of 30°<20<35° when the oxide semiconductor
film is measured by an X-ray diffraction method.

18. The method according to claim 17, comprising the step
of:

forming a source electrode layer and a drain electrode layer

over the insulating film,

wherein the plasma treatment is performed on the source

electrode layer and the drain electrode layer, and
wherein the oxide semiconductor film is formed over the
source electrode layer and the drain electrode layer.

19. The method according to claim 17, wherein the oxide
semiconductor film is formed without exposure to air after the
plasma treatment is performed.

20. The method according to claim 17, wherein the oxide
semiconductor film comprises gallium.

21. The method according to claim 17, wherein the atmo-
sphere comprises an inert gas.

22. The method according to claim 17, the method com-
prising the step of forming a gate electrode layer,

wherein the insulating film is formed over the gate elec-

trode layer, and

wherein the oxide semiconductor film is formed to overlap

the gate electrode layer.

23. The method according to claim 17, wherein the heat
treatment is performed at a temperature higher than or equal
to 700° C.

24. The method according to claim 17, comprising the step
of forming a gate electrode layer over the oxide semiconduc-
tor film.



